Acid deposition is decreasing in the Adirondack region of New York. Acid neutralizing capacity in lakes is increasing with decreasing acid deposition. Lake classes most impacted by acidification show greatest recovery. Toxic dissolved inorganic aluminum decreases with lake recovery. Increases in dissolved organic matter or "browning" accompanies lake recovery. 
Introduction
Since the early 1970s, reductions in emissions of sulfur dioxide (SO 2 ) have driven remarkable decreases in atmospheric deposition of sulfate (SO 4 2À ) and hydrogen ion (H þ ) across eastern North America (National Emission Inventory; www.epa.gov/airemissions-inventories; Lehmann et al., 2005) . Likewise, decreases in emissions of nitrogen oxides (NO x ) initiated in the mid 1990s and early 2000s have diminished atmospheric nitrate (NO 3 À ) deposition in the years that have followed (Driscoll et al., 2010) . Regulation of emissions and subsequent decreases in deposition of acidic air pollutants are reversing the acidification of sensitive freshwaters (Greaver et al., 2012; Strock et al., 2014) . With the exception of the non-glaciated southeastern U.S., declines in atmospheric SO 4 2À deposition to montane forest watersheds of Europe and eastern North America have resulted in decreases in surface water concentrations of SO 4 2À (Evans et al., 2001; Kahl et al., 2004; Rice et al., 2014) . Despite distinct decreases in acid deposition, the acid-base response of surface waters has been highly variable across these regions (Evans et al., 2001; Kahl et al., 2004; Warby et al., 2005; Waller et al., 2012) . Several landscape factors constrain the recovery of acid neutralizing capacity (ANC) in surface waters following decreases in acid deposition (Driscoll et al., 2001) . Pools of exchangeable basic cations (particularly calcium) have been lost from soil cation exchange sites associated with historical leaching by strong acid anions from elevated acid deposition (Likens et al., 1996; Warby et al., 2009) . Depletion of available basic cations limits the ability of soil to neutralize ambient inputs of acid deposition. Many surface waters have also shown compensatory increases in naturally occurring dissolved organic matter (DOM), apparently in response to decreases in acid deposition and/or changing climate (Monteith et al., 2007; Driscoll et al., 2007; Clark et al., 2010) . Dissolved organic matter functions as organic acids with both characteristic strong acid and weak acid functional groups (Fakhraei and Driscoll, 2015) . Increased supply of DOM with strongly acidic functional groups acidifies waters, offsetting potential increases in ANC. Finally, perhaps the most important watershed factor limiting ANC recovery is the SO 4 2À adsorption capacity of soils (Galloway et al., 1983) . In areas with soils high in amorphous iron and aluminum oxides and SO 4 2À adsorption capacity (Johnson and Todd, 1983; Johnson, 1984) , such as the non-glaciated region of the southeastern U.S., historical atmospheric SO 4 2À deposition has been retained in soil. As atmospheric SO 4 2À deposition decreases, legacy SO 4 2À previously retained in soil can be released to surface waters delaying recovery. Rice et al. (2014) found spatial and temporal patterns in the SO 4
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source/sink behavior of watersheds in the Southeast, with SO 4 2À retention decreasing with time in response to decreases in atmospheric S deposition and increasing from north to south. In the glaciated northeast U.S., soil SO 4 2À adsorption/desorption is considerably less important in regulating the acid-base chemistry than in the Southeast (Galloway et al., 1983; Rochelle and Church, 1987) . Effects of elevated acid deposition have been evident for decades in the Adirondack region of New York, USA. The Adirondacks is a largely forested (24,000 km 2 ) with approximately 2770 lakes (>2000 m 2 surface area). Generally shallow surficial deposits and bedrock geology have produced soils with inherently low pools of available nutrient cations and surface waters that are sensitive to acid deposition (Driscoll et al., 1991) . A survey of 1469 Adirondack lakes conducted in 1984e87 found chronic acidity (ANC<0 meq/L) in 27% of lakes. An additional 21% had summer ANC values between 0 and 50 meq/L and could experience decreases in ANC near or below 0 meq/L during high discharge, such as snowmelt or precipitation events (Kretser et al., 1989) . Starting in 1982, long-term trends and seasonal patterns in chemical characteristics were evaluated for 17 lakes in the Adirondack region of New York, which has become the Adirondack Long-Term Monitoring (ALTM) program (Driscoll et al., 2003) . Thirty-five lakes were added to the ALTM in 1992, for a total of 52 sites. Four of these lakes were treated with CaCO 3 to neutralize acidity and were not considered in our analysis of water chemistry trends. The ALTM lakes have been classified in terms of their acid sensitivity on the basis of surficial geology and hydrologic flowpaths (Baker et al., 1990; Driscoll and van Dreason, 1993) . In this paper, we update trends in atmospheric deposition and resulting changes in the acid-base status of ALTM lakes and among lake classes, and evaluate mechanisms affecting these trends. We hypothesize that recent decreases in acid deposition will be manifested by decreases in SO 4 2À and NO 3 À concentrations in Adirondack lakes resulting in increases in ANC, with lake-watersheds with shallow hydrologic flowpaths exhibiting the most rapid response in ANC.
Methods
Wet deposition has been monitored at the Huntington Forest (HF) in the central Adirondacks (NY 20; 43 ALTM lakes are situated adjacent to largely forested watersheds, with predominantly hardwood or mixed conifer vegetation. A classification system was developed based on surficial geology and hydrologic flowpaths to characterize the sensitivity of Adirondack lakes to acid deposition (Baker et al., 1990) . Drainage lakes in watersheds with largely shallow deposits of glacial till (thin till watersheds; <5% of the watershed containing thick, i.e., > 3 m depth, deposits of glacial till) are sensitive to acid deposition and, historically have been chronically acidic (ANC < 0 meq/L). Twenty-seven ALTM lakes are included in the thin till drainage class. Lakes situated in watersheds with moderate deposits of deep glacial till (5e25% of the watershed contains thick deposits of glacial till) generally have positive but low ANC and are susceptible to shortterm acidification associated with snow melt or storm events. This medium till drainage class includes 11 ALTM lakes. Watersheds with either more than 25% of the watershed with thick deposits of glacial till or stratified drift or deposits of calcite drain to lakes which are insensitive to acid deposition. Two of the ALTM lakes have calcite in the basin and three are in the thick till drainage class. The Adirondacks also have mounded seepage lakes, which receive most of their water from shallow hydrologic flow paths or directly from precipitation. Within the ALTM program there are five mounded seepage lakes.
Lake water samples are collected monthly and analyzed for major solutes (Driscoll et al., 2003) . A helicopter is used to sample waters from remote drainage (n ¼ 15) and seepage lakes (n ¼ 5). Collections are made using a plastic Kemmerer sampler approximately 0.5 m beneath the surface over the deepest portion of the lake. When the lake surface is inaccessible (i.e., during ice development and break-up), samples are obtained at the shoreline for seepage lakes or the outlets of drainage lakes. Drainage lakes accessed by land (n ¼ 28) are sampled at the outlet. Water samples are collected directly or are transferred into 1-L high-density polyethylene bottles, that have been acid-washed and distilled water rinsed. All samples are kept on ice after collection until transported to the Adirondack Lakes Survey Corporation (ALSC) laboratory in Ray Brook, NY. Driscoll and van Dreason (1993) summarized the field and analytical methods used. Driscoll et al. (2003) provide lake and watershed characteristics. Site descriptions and data are available (www.adirondacklakessurvey.org).
We used the nonparametric seasonal Kendall Tau (SKT) test to detect monotonic trends (generally increasing or decreasing over time) in solute concentrations in precipitation and lake water (Hirsch and Slack, 1984) . The SKT was run for measured observations of precipitation chemistry at HF and WM, and lake chemistry of the original 16 ALTM lakes (1982e2013) and overall 48 ALTM lakes that were not limed (1992e2013). The SKT test is a robust time-series procedure for data that are non-normal and characterized by seasonal patterns. This approach corrects data with moderate levels of serial correlation and accommodates missing observations. A p < 0.05 was used as a significance level for all analysis.
Results

Atmospheric deposition trends
The chemistry of precipitation has been changing in recent decades across the eastern U.S. in response to air quality management (Lehmann et al., 2005; Driscoll et al., 2010 (Figs. 3 and 4) . We show timeseries patterns of chemical concentrations in Fig. 3 for Big Moose Lake, a thin till drainage lake, to illustrate the response of an acidsensitive lake to decreases in acid deposition over the longer period of record (Fig. 3; 1982e2015) . Since 1982, all the original ALTM lakes have experienced significant (p < 0.05) decreases in SO 4 2À concentrations, at a mean rate of decline (±standard deviation) of 2.35 ± 0.39 meq/L-yr (Fig. 4a ). Similar decreases in SO 4 2À concentrations were evident for the 48 ALTM lakes sampled since 1992 (Fig. 4b) . Although the rate of SO 4 2À decline was more variable (À0.99 to À4.00 meq/L-yr) for all ALTM lakes over the more recent interval (1992e2013) than for the 16 lakes with the longer record, the mean rate of concentration decrease was similar (À2.55 ± 0.67 meq/L-yr vs. -2.35 ± 0.39 meq/L-yr). There were no significant differences in rates of SO 4 2À decline among drainage lake
meq/L-yr; medium till À2.54 ± 0.57 meq/L-yr; thick till and carbonate influenced À2.87 ± 0.71 meq/L-yr). However, rates of SO 4 2À for seepage lakes were significantly lower (À1.55 ± 0.45 meq/L-yr) than drainage lakes, which likely reflects differences in the direct pathway of inputs to the lake surface and the near-lake zone for seepage lakes in comparison to the watershed inputs which include additional dry S deposition associated with the canopy and the greater concentrating effect of evapotranspiration in forest drainage lake-watersheds.
Decreases in concentrations of NO 3 À were also evident in many of the ALTM lakes, but at variable rates (Figs. 4 and 5). Eleven of the original 16 sites exhibited significant decreases in NO 3 À (mean value À0.38 meq/l-yr, range À0.14 to À0.68 meq/L-yr). Thirty-three of the 48 ALTM lakes (1992e2013) showed decreases in NO 3 À , with no lakes exhibiting increases. A few lakes with low NO 3 À had low but significant decreases in concentrations. For lakes exhibiting significant decreases in NO 3 À , the rate of decrease generally increased with increasing NO 3 À concentration. Adirondack seepage lakes were characterized by low NO 3 À (6.2 ± 9.2 meq/L). As a result, these lake types are marginally N growth limited and projected to become increasing N limited under anticipated future decreases in atmospheric N deposition (Gerson et al., 2016 (À0.074 ± 0.11 meq/L-yr) compared to the decreases in SO 4 2À or NO 3 À .
Decreases in lake Cl À could likely be associated with observed decreases in Cl À in wet deposition (Table 1) , which have been reported elsewhere and attributed to controls on emissions from electric utilities (Lovett et al., 2005) .
Trends in lake basic cations
The original 16 ALTM lakes, all exhibited significant declines in , K þ ) had highly significant decreasing trends, except for Na þ for which several lakes had small increasing trends (n ¼ 11). Note that these increasing trends for Na þ run counter to the widespread decreasing trends for Cl À (discussed above), suggesting that increased human contamination or road salting is not a factor in most ALTM lakes.
Overall decreases in C B were largely due to decreases in Ca 2þ , which is the dominant cation in most Adirondack surface waters (44 of 48 sites with significant decreases at a mean rate of decline À1.04 ± 0.40 meq/L-yr).
Trends in lake acid neutralizing capacity, pH, Al and DOC
Eleven of the 16 original ALTM lakes had significant increasing trends of ANC (Fig. 4 ) from 1982 to 2013. Those lakes showing a significant increasing ANC trends were mostly in the thin till drainage class (7) and had a mean rate of increase of 0.83 ± 0.22 meq/L-yr, ranging from 0.39 to 1.07 meq/L-yr. Forty-two of the 48 ALTM lakes had significant trends of increasing ANC for the period 1992e2013 (0.95 ± 0.32 meq/L-yr). Surprisingly, rates of ANC increase for lakes showing significant trends did not differ among lake classes or mean ANC (Fig. 7a) . Twenty-six of the 27 thin till drainage lakes had increases in ANC at a mean rate of 0.89 ± 0.22 meq/L-yr. Nine of 11 medium till drainage lakes exhibited increases in ANC at a mean rate of 1.15 ± 0.58 meq/L-yr.
Three of the five thick till and carbonate drainage lakes exhibited increases in ANC at a mean rate of 0.91 ± 0.077 meq/L-yr. Four of the five seepage lakes had significant increases in ANC of 0.90 ± 0.084 meq/L-yr.
Increases in ANC and decreases in C B in Adirondack lakes are largely driven by decreases in concentrations of SO 4 2À þ NO 3 À . As a result, an important metric of surface water recovery from acid deposition is the unit increase in ANC in response to unit decreases in concentrations of strong acid anions (Fig. 6) Rates of concentration change are expressed as meq/L-yr, except for inorganic monomeric aluminum (Ali) which is shown as mmol/L-yr. decreases in SO 4 2À þ NO 3 À (Fig. 6a) . We observed decreases in the sum of basic cations (C B ) that were less than stoichiometric with declines in SO 4 2À þ NO 3 À in most ALTM lakes (Figs. 4 and 6 (Fig. 6a) . In comparison, all thin till drainage lakes exhibited significant relationships of decreasing C B with decreasing
), but at lower values than drainage lakes in medium till, thick till or calcite watersheds (Table 2 ). This pattern is consistent with the greater rate of base cation supply for lake-watersheds with thicker surficial deposits or calcite than thin till lake-watersheds. A significant relationship between decreases in C B with decreasing SO 4 2À þ NO 3 À was only evident for two of the five mounded seepage lakes. The increases in ANC to equivalent decreases in SO 4 2À þ NO 3
À ) for most sites in the different lake classes (Fig. 6b) .
The mounded seepage lakes exhibited a less than stoichiometric response, but a relatively high increase in ANC for unit decreases in
.53 ± 0.14). The absolute increase in ANC for mounded seepage lakes is not particularly large compared to drainage lake classes due to relatively low increases in concentrations of SO 4 2À þ NO 3 À . Nevertheless, this strong relative response is likely due to hydrologic inputs largely occurring from direct precipitation and shallow near-shore flowpaths, resulting in limited contact with surficial materials. As a result mounded seepage lakes are very sensitive and relatively responsive to changes in atmospheric deposition. Four out of five mounded seepage lakes show a significant increase in ANC coinciding with a significant decrease in SO 4 2À þ NO 3 À . Twenty-six of the thin till drainage lakes had significant increases in ANC with decreases in SO 4 2À þ NO 3 À . The thin till drainage lakes exhibited a mean 0.30 equivalent increase in ANC for every equivalent unit decrease in showing a significant response. There was considerable variability in the stoichiometric response for this class of lake watersheds. Three medium till sites had the greatest rates of ANC increase of all the ALTM sites (i.e., Limekiln, Little Hope, Big Hope) from 1992 to 2013. It is not evident why these lakes had high rates of ANC increase. However, these three lakes also had modest rates of decreases in concentrations of C B (two with non-significant decreases), likely contributing to high rates of ANC increase. We also observed significant decreases in H þ concentrations in 12 of the 16 original ALTM lakes (Fig. 3a) . Changes in Al concentrations largely occurred with the Ali fraction, which is considered to be the toxic form of total monomeric Al (Driscoll et al., 1980) . Moreover, although significant decreases in Ali were widely evident, large concentration changes were restricted to chronically acidic thin till drainage lakes. Five of eight lakes in the thin till drainage class of the original ALTM lakes had significant decreases in concentrations of Ali. These rates of decline were highly variable, ranging from À0.20 to 0.00 mmol/L-yr.
For the recent record of ALTM lakes (1992e2013), 45 of 48 lakes had significant decreasing trends in Ali concentrations, but most noteworthy were marked decreases Ali in all of the 26 thin till lakes (À0.17 ± 0.16 mmol/L-yr).
Aluminum is an underappreciated pH buffering process (Driscoll and Postek, 1996) . To evaluate the potential for Al buffering, we coupled rates of equivalent decreases of monomeric Al with increases in ANC (DANC e 3*DAlm). We use monomeric Al (Alm) in this metric because both inorganic (Ali) and organic (Alo) forms of monomeric Al undergo hydrolysis (Fakhraei and Driscoll, 2015) . We observed no significant difference in increases in ANC across the sundry lake classes or across the range of ANC values in study lakes (Fig. 7a) . However, when Al buffering is considered (DANC e 3*DAlm), the role of Al mobilization and hydrolysis in the acid-base chemistry to thin till drainage lakes becomes clearly evident (Fig. 7b) . In these acid-sensitive watersheds, much of the decrease in strong acid leaching associated with decreases in acid deposition is manifested through decreases in Al leaching, particularly the toxic Ali fraction. Aluminum buffering is not important in seepage lakes because their hydrologic flowpaths do not allow for the mobilization of Al from soil (Driscoll and Newton, 1985) . Likewise lakes in medium till and thick till and calcite classes have higher ANC and do not experience elevated concentrations of Alm. Decreases in Ali may be one of the most important aspects of decreases in acid deposition because of its adverse effects on aquatic biota at elevated concentrations (Driscoll et al., 2001 ).
Significant increases in DOC were experienced in 10 of the 16
original ALTM lakes at a mean rate of 4.5 ± 3.8 mmol C/L-yr, with two of the lakes showing decreases in DOC. Similarly 29 of 48 lakes (1992e2013) had significant increases in DOC, while two exhibited decreasing trends. One of the lakes, Little Hope Pond, appears to be an outlier as it experienced a relatively rapid rate of DOC decline (À10.4 mmol C/L-yr).
Discussion
Emissions and atmospheric deposition trends
Sulfate and NO 3 À concentrations in precipitation and in wet and dry deposition have decreased markedly in Adirondack over the last two decades as a result of declines in SO 2 and NO x emissions ( Figs. 1 and 2 ). These patterns demonstrate the strong linkage between regulatory programs of emission controls, including the Clean Air Act, the NO x Budget Program, the Clean Air Interstate Rule and the Cross State Air Pollution Rule (Driscoll et al., 2010) , and decreases in acid deposition. Indeed the most recent annual volume-weighted SO 4 2À concentration in precipitation at HF (7.9 meq/L in 2014) and WM (9.7 meq/L in 2014) are approaching values previously suggested by Galloway et al. (1982) as "background" precipitation concentrations (e.g., 7.1 meq/L in Alaska) based on measurements at remote locations. Using the empirical relationship between total U.S. SO 2 emissions and precipitation SO 4 2À concentrations at HF (Fig. 1) , we might anticipate future concentrations to decrease well below current values if emissions decrease to levels anticipated for the U.S. Environmental Protection Agency Clean Power Plan in 2030 (USEPA, 2015, Fig. 1 ). In contrast to SO 4 2À and NO 3 À , NH 4 þ deposition in the Adirondacks has changed little over time and as a result has become a more prominent component of acid deposition. Ammonia emissions are not regulated and although emissions of NH 3 are uncertain they probably have been relatively constant in the Northeast in recent years. However, like SO 4 2À and NO 3 À , NH 4 þ is acidifying deposition, as it can oxidize and contribute to soil and surface water acidification.
Estimates from CASTNET (Fig. 2) suggest that dry deposition is a minor component of total acid deposition to this remote region far removed from major emission sources. It has been suggested that dry deposition velocity estimates of SO 2 and HNO 3 from CASTNET are generally lower than those used by the Canadian network (CAPMoN) (Schwede et al., 2011) , and recent hybrid model/measurement efforts to estimate total deposition (Schwede and Lear, 2014) . However, it is noteworthy that despite large decreases in SO 2 and NO x emissions and both wet and dry deposition of oxidized forms of sulfur and nitrogen, their ratios (dry to wet) have remained relatively constant over the period of observation.
Patterns of lake-watershed response to changing atmospheric deposition
Rates of SO 4 2À decrease have not been uniform in ALTM lakes in our reports over the measurement interval. The rates of SO 4 concentrations among ALTM lake-watersheds which is likely due to spatial patterns in atmospheric SO 4 2À deposition across the Adirondacks (Driscoll et al., 1991) , coupled with landscape variation in biogeochemical processes, including vegetation and landcover (wetlands), soils and surficial geology, and in-lake processes.
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Rates of decrease in SO 4 2-concentrations we observe for Adirondack lakes are generally consistent with spatial patterns observed across eastern North America (Strock et al., 2014) . A regional analysis of surface water chemistry trends was conducted through the 1990s to characterize the response to changes in atmospheric deposition (Kahl et al., 2004 Evans et al., 2001) .
Widespread decreases in NO 3 À in drainage lakes across the Adirondacks, may be suggestive of a regional driver (or combination of drivers) of N change (e.g., decreases in N deposition, CO 2 fertilization, climate change). Other investigations of forest mountain watersheds in the Northeast have reported decreases in surface water NO 3 À concentrations (Goodale and Aber, 2001; Kahl et al., 2004; Yanai et al., 2013) . Interestingly, this pattern of decreasing NO 3 À concentrations runs counter to theoretical expectations that watersheds should be approaching a condition of N saturation (Aber et al., 1989) . As discussed, regional decreases in emissions of NO x and atmospheric NO 3 À deposition likely contribute to the widespread decreases in lake NO 3 À concentrations (Fig. 2) .
Researchers have also speculated that fertilization of forests associated with increases in atmospheric CO 2 and climate change may be driving increases in watershed N retention and contributing to long-term decreases in surface water NO 3 À (Aber et al., 2002; Duran et al., 2016; Oren et al., 2001; Pourmokhtarian et al., 2012) . Increases in ANC observed in Adirondack lakes can be largely attributed to decreases in SO 4 2À þ NO 3 À concentrations, resulting from decreases in acid deposition. It is encouraging that many acidimpacted lakes are experiencing increases in ANC. This pattern is indicative of the success of emission control strategies to mitigate surface water acidification. However, at current rates of ANC increase and with the generally slow biological response to chemical changes, it will likely be decades before acid-impacted Adirondack lakes support a diverse biological community (Driscoll et al., 2001 (Driscoll et al., , 2003 Fakhraei et al., 2014; Baldigo et al., 2016 this issue) , although biological recovery has been noted in some Adirondack lakes (Josephson et al., 2014) . The rate and extent of aquatic biological recovery may depend on the extent acidification of lakes during the most severe conditions in the 1980e90s (Fakhraei et al., 2014) . Those lakes that were strongly impaired (e.g. chronically acidic
with ANC less than 0 meq/L) will likely recover more slowly than lakes with less severe acidification. We use a stoichiometic approach to compare recovery of Adirondack lakes from decreases in acid deposition for the Adirondacks with other regions (Table 2 ). Lakes in the Upper Midwest of the U.S. have exhibited a mixture of decreased C B leaching and ANC increase per unit decrease SO 4 2À þ NO 3 À (Kahl et al., 2004) . This pattern may be due to the relatively large number of seepage lakes monitored in this region. Lakes in New England and Appalachian streams largely responded to a unit decreases in SO 4 2À þ NO 3 À from acid deposition through decreases in leaching of C B , with little increase in ANC. For European surface waters from a variety of countries, unit decreases SO 4 2À þ NO 3 À resulting in both increases in ANC and decreases in C B leaching (Evans et al., 2001 ).
Future research directions
One the most intriguing observations from the ALTM program is the increased mobilization of DOM or "browning" of many Adirondack lakes. Several processes potentially contribute to increases in lake DOC (Clark et al., 2010) . Monteith et al. (2007) observed that increases in DOC in surface waters of Northern Europe and North America appears to be consistent with decreases in acid deposition. Increases in pH decrease the partitioning of DOC to soil surfaces (Ussiri and Johnson, 2004) . Other investigators have suggested that increases in DOC may be the result of a "salt effect" manifested through decreases in ionic strength due to decreases in acid deposition (Tipping and Hurley, 1988; Filius et al., 2000) . Researchers have also hypothesized that changing climate is driving increases in DOC (Clark et al., 2010) , likely associated with increases in precipitation quantity and increasing water flows during high discharge events along shallow flowpaths. Although there is considerable variability in DOC trends with many lakes not showing significant trends, we observe that in general the rate of increases in DOC increases with decreases in mean lake pH (Fig. 8) . This pattern suggests that ANC recovery in chronically acidic or low ANC waters will be limited due to increases in the mobilization of naturally occurring organic acids (Fakhraei and Driscoll, 2015) .
Regardless of the mechanism, increases in dissolved organic matter has important implications for lake ecosystems. Dissolved organic matter regulates the attenuation of light and the thermal stratification of Adirondack lakes (Effler et al., 1985) . Increases in DOM can extend and strengthen summer stratification, thus counteracting anticipated effects of climate warming. The nutrient dynamics of lakes recovering from decreases acid deposition will likely be strongly affected by increases in DOM due to the supply of associated phosphorus (Gerson et al., 2016) . Finally, increases in DOM may serve as a complexing ligand for trace metals (e.g., Al, Hg), likely enhancing transport but also potentially diminishing toxicity. Note however in this regard that we only observed increases in concentrations in organic monomeric Al in 6 of the 48 lakes. There is a critical need to better understand how the browning affects their structure and function of aquatic ecosystems.
While decreases in acid deposition is the major driver of the recovery of Adirondack lakes, coincident with this transformation is changing climate. Like much of the northeastern U.S., climate change in the Adirondacks is manifested through increases in air temperature, particularly since the 1980s, increases in precipitation, decreases in snowpack accumulation and earlier snowmelt with decreases in peak discharge in the spring (Campbell et al., 2009 (Campbell et al., , 2011 Melillo et al., 2014) . Regional hydrologic records of remote forest watersheds in the Northeast have shown long-term increases in annual discharge due to increases in precipitation coupled with decreases in evapotranspiration (Campbell et al., 2011) . Climate is a fundamental controller of watershed biogeochemical processes and changing climate is undoubtedly affecting ecosystem structure and function (Campbell et al., 2009 ) and its response to decreases in acid deposition. It is likely that increases in precipitation and runoff are increasing the flushing S and N from watersheds that accumulated in soil during the earlier period of elevated atmospheric deposition and serving to facilitate recovery. As discussed above, increasing temperature and atmospheric concentrations of CO 2 are likely enhancing tree growth which facilitates watershed N retention. Indeed, Duran et al. (2016) recently hypothesized that climate change is driving the "oligiotrophication" of the Northern Forest based on long-term decreases in soil mineralization and nitrification that appear coupled with climatic indicators at the Hubbard Brook Experimental Forest, NH, driving enhanced watershed N retention and counteracting N saturation. Schaefer and Alber (2007) and Schaefer et al. (2009) indicate that increases in temperature increase rates of denitrification enhancing watershed N retention. It seems likely that decreases in ice cover and increases in lake temperature associated with climate change should increase the stratification period and facilitate in-lake processing of solutes (Kelly et al., 1987) .
While changing climate is undoubtedly affecting lakewatershed biogeochemical processes and lake recovery from acid deposition, it is also likely changing the endpoints of biological recovery. The lower trophic level organisms are shifting in Adirondack lakes, in part due to recovery from acid deposition and in part due to climate change or other factors (Arseneau et al., 2011) . Changes in the lower food chain, species introductions and invasives, and well as changing habitat are altering Adirondack lake ecosystems towards a new future (Baldigo et al., 2016) . So it is unlikely that aquatic communities emerging from the aftermath of acidic deposition will be comparable to those before its advent. Clearly future studies need to focus on how the legacies of acid deposition affect the transition of ecosystems under changing climate and how changing climate facilitates or obscures recovery from acid deposition.
Conclusions
The Adirondacks have experienced marked decreases in both wet and dry S and NO 3 À deposition in response to decreases in SO 2
and NO x emissions, respectively, but no change in the dry to wet deposition ratios was evident. , have decreased in concert with decreases in atmospheric deposition. There has been widespread increases in lake ANC in response to decreases in acid deposition, with the rate of recovery similar across hydrologic lake classes. However, decreases in the acid sensitive thin till watershed class has shown marked decreases in the toxic inorganic fraction of Alm. There appears to have been compensatory increases in concentrations of dissolved organic matter in response to decreases in acid deposition, which acts as an organic acid offsetting increases in ANC and could affect physical and biogeochemical processes in the trajectory of recovering lake ecosystems. 
